Elbow ulnar collateral ligament reconstruction has evolved considerably over more than 30 years since first performed. Many modifications of the original procedure are described and the reported outcomes seem to improve with each passing decade. This trend is due in part to an improved understanding of the relevant anatomy and also to improved surgical methods. The DANE TJ method for medial elbow ligament reconstruction offers the surgeon 1 more option and potentially produces construct isometry that most closely resembles the native ligament. Keywords: elbow, ulnar, collateral, ligament, reconstruction, DANE m HISTORICAL PERSPECTIVE In 1974, Dr. Frank W. Jobe evaluated a nationally known, mature Major League Baseball pitcher who was unable to throw because of chronic medial elbow ulnar collateral ligament (MUCL) insufficiency. Rest had provided little benefit and eventually both the pitcher and the surgeon came to believe that surgery was the only available option. Unfortunately, the surgical treatments described at that time had failed to provide an acceptable opportunity for a successful outcome. Necessity and original thought lead to what we now know as the Tommy John procedure. In 2004, the 30-year anniversary of this historic procedure was acknowledged on almost every sports page in the country, and today it is estimated that literally thousands of medial ulnar collateral ligament reconstructions are performed each year.
m HISTORICAL PERSPECTIVE
In 1974, Dr. Frank W. Jobe evaluated a nationally known, mature Major League Baseball pitcher who was unable to throw because of chronic medial elbow ulnar collateral ligament (MUCL) insufficiency. Rest had provided little benefit and eventually both the pitcher and the surgeon came to believe that surgery was the only available option. Unfortunately, the surgical treatments described at that time had failed to provide an acceptable opportunity for a successful outcome. Necessity and original thought lead to what we now know as the Tommy John procedure. In 2004, the 30-year anniversary of this historic procedure was acknowledged on almost every sports page in the country, and today it is estimated that literally thousands of medial ulnar collateral ligament reconstructions are performed each year.
While the essence of the original method remains, many modifications have subsequently been described. Conway et al 1 reported Dr. Jobe's initial 13-year experience performing MUCL reconstructions. In this original series, the entire flexor muscle mass was mobilized from the epicondyle, the ligament was reconstructed with a free tendon graft woven through bone tunnels in both the ulna and humerus, and the ulnar nerve was transposed in a submuscular manner. Of 56 throwers, 68% were considered to have excellent outcomes; and of those major league players who had not had previous surgery, 75% were considered to have excellent outcomes. The study also revealed a 21% complication rate related to the ulnar nerve with 5 throwers requiring additional surgery. To avoid the need for routine ulnar nerve transposition, Dr. Jobe changed the method (Fig. 1) , splitting the flexor muscle mass for exposure of the ligament. The safety 2 and the efficacy 3 of this modification were subsequently demonstrated with an excellent outcome and spontaneously resolving ulnar neuropraxia reported in 93% and 5% of the patients, respectively. Cain et al 4 presented the results of the modification popularized by Dr. James Andrews in which only the humeral head of the flexor carpi ulnaris (FCU) was elevated from the epicondyle. The ligament was similarly reconstructed with a free tendon graft woven through bone tunnels and the ulnar nerve was contrastingly transposed in a subcutaneous manner. Of 342 throwers, 83% were considered to have an excellent outcome. Ulnar nerve neuropraxia was reported in 9% of these cases, of which all except for one resolved without additional surgery.
Altchek et al 5 reported his experience with a significant modification of the classic reconstruction method in 2002 and referred to the method as the ''docking procedure.^In this method, the muscle splitting approach adopted by Jobe was used but more widely space ulnar tunnels were created. Locking sutures were placed in 1 end of the free tendon graft, which was then passed through the ulna and ''dockedî nto the medial epicondyle tunnel. The free end of the graft was then sized for length and similarly ''dockedî nto the medial epicondyle. The graft was not woven through the epicondyle as described in earlier methods and the sutures were tied over a proximal medial epicondyle bone bridge. Of 40 throwers, 97% were considered excellent outcomes with no reported ulnar nerve related complications.
Several other modifications of these 3 methods have been described, but with 1 exception, and simply represent minor evolutionary changes. The most revolutionary alteration of the classic Tommy John procedure was described in a biomechanical study by Ahmad et al 6 and employs both proximal and distal interference screw fixation. The method used two 5.0 Â 15.0 mm cannulated metal screws designed to lock to a soft tissue graft with 4 strands of strong nonabsorbable suture. Both tunnels were created with a 5.0-mm cannulated reamer placed over a guide pin and drilled to a depth of 20 mm. Locking the graft to the screw with suture was thought in this study to be an essential element for the strength of the reconstruction method.
This modification is currently being clinically investigated in several centers and has already been further altered as a hybrid of both this and earlier methods. One of these hybrid Tommy John methods uses proximal docking (envisioned by Dr David Altchek) and distal interference screw fixation (envisioned by Dr Neal ElAttrache) and has been named the DANE TJ (David Altchek, Neal ElAttrache, Tommy John) method to give credit to those who envisioned it. This article will describe that method (Fig. 2) .
The anterior bundle of the medial UCL complex is the primary stabilizing structure resisting valgus torque on the elbow, 7, 8 and it is this portion of the ligament that surgical reconstruction attempts to reproduce. The origin is broad, covering approximately two-thirds of the medial epicondyle surface, and has been often described as slightly posterior and inferior to the axis of elbow joint rotation. 9 The more narrow insertion of this bundle is onto the medial coronoid tubercle (''sublime tubercle^) and in line with the medial ulna ridge. The anterior bundle is further divided biomechanically into anterior and posterior bands with an isometric center. Ochi et al 10 demonstrated that the ligament is a 3-dimensional structure and that, in addition to previously described anterior and posterior bands, also has distinct deep and superficial segments. Their work also showed that the deep central segment of the anterior bundle of the MUCL is most isometric segment and has the least change in length through a full arc of elbow motion. The works of both Ochi et al 10 and Ahmad et al 6 suggest that distal fixation of the ligament graft into a single tunnel may more closely recreate the isometry of the native ligament.
m INDICATIONS/ CONTRAINDICATIONS
In general, MUCL reconstruction is indicated for throwing athletes with persistent medial elbow pain while throwing, a clinical examination consistent with the diagnosis of ulnar collateral ligament injury, documented failure to improve with conservative care, and the desire to return to competitive overhead throwing. When an acute, complete rupture of the MUCL can be confirmed, offering immediate reconstruction surgery without conservative care is reasonable.
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DANE TJ reconstruction of the MUCL has the same general indications as all other ligament reconstruction methods, but more specifically this method is indicated when the sublime tubercle is insufficient to provide an acceptable ulnar bone bridge. This situation may be the result of sublime tubercle stress fracture (either with or without avulsion) (Figs. 3 and 4), failed previous ligament reconstruction (either with or without ulnar bridge fracture), or prominent ulna enthesopathy (requiring resection to create an acceptable ulna attachment site) (Fig. 5 ). In the absence of these conditions, the rational for using the DANE TJ method are as follows: the creation of a more anatomic and isometric ulna insertion, diminished risk for ulna bone bridge fracture and distal fixation failure, diminished risk for ulnar nerve injury or late ulnar nerve entrapment, and improved tendon to bone healing. The later rational point may be surmised from published data on knee ligament reconstruction. Aperture fixation, 12 decreased overall graft length, 13 and graft compression within the tunnel have all been shown to improve tendon to bone healing. Finally, interference screw fixation is the only method biomechanically shown to restore construct strength to within 90% of the native ligament and the only method shown to closely restore ligament isometry. 6 m PREOPERATIVE PLANNING Several conditions that may require treatment, including common flexor tendon injury, ulnar nerve entrapment, ulnar nerve subluxation, and posterior impingement, are often associated with MUCL injury and should be documented during the preoperative assessment.
The graft source site should be confirmed before surgery and the most often considered options include the gracilis tendon, the palmaris longus tendon, the fourth toe extensor tendon, the plantaris tendon, a 3-mm-wide strip of the Achilles tendon, and numerous allograft tissues. My preference for the DANE TJ procedure is the ipsilateral gracilis tendon. m TECHNIQUE Surgery is performed with the patient supine and the operative arm away from the patient's side on either 2 connected arm boards or a surgical hand table. The arm is routinely prepared and draped to the level of the shoulder and a sterile tourniquet is used to allow greater access to the upper arm. Folded surgical towels placed beneath the elbow helped to maintain shoulder external rotation and to better present the medial elbow to the surgeon.
An 8-to 10-cm incision is made based over the medial epicondyle and carried down through the subcutaneous tissues. Crossing branches of the medial antebrachial cutaneous nerve are identified, mobilized, and protected. Be aware that the ulnar nerve passes over both the sublime tubercle and the distal segment of the ulnar collateral ligament when the elbow is in flexion and that distal mobilization of the nerve is often necessary to avoid injury. The path of the ulnar nerve is confirmed, but in the absence of ulnar neuropathy nerve transposition is usually unnecessary. Conversely, when the history, clinical examination, nerve conduction velocity testing, and electromyography studies reveal the presence of either ulnar nerve entrapment or subluxation, dissection and mobilization of the nerve in preparation for anterior subcutaneous transposition should be performed before ligament reconstruction. The nerve dissection should extend from the level of the arcade of Struthers through the deep flexor pronator retinaculum and the medial intermuscular septum should be excised.
The dense fibrous raphe along the anterior margin of the FCU is then longitudinally divided (Fig. 6) , and the underlying muscle is split to expose the ulnar collateral ligament. While this muscular interval between the FCU and the remainder of the flexor mass has been shown to be a safe interneural plane, 2 there are anecdotal reports of exceptions and care must be taken to identify crossing nerve branches in the distal extent of the dissection.
The anatomic origin and insertion of the ligament are noted and an incision is then made through the middle portion of the ulnar collateral ligament beginning distally and carried proximally, remaining in line with the fibers of the ligament (Fig. 7) . The ligament is inspected to determine the quality of the ligament in the proximal, middle, and distal segments as valgus stress is applied. The patient's history, clinical examination, preoperative studies, and operative findings should be consistent and should confirm the need for ligament reconstruction. Although direct repair of the ligament may occasionally seem to be a viable surgical option, this method it is rarely indicated due to the higher potential for return to sport following ligament reconstruction. 1 As noted above, my graft tissue preference for the DANE TJ method is the ipsilateral gracilis tendon. The ipsilateral knee is routinely prepared and draped. Through an incision along the proximal margin of the pes anserine, the gracilis tendon is identified and drawn into the wound. A locking suture is placed in the distal end, the tendon is released from the tibia, the connecting bands are divided, and the tendon is removed from the leg with a tendon stripper. After stripping muscle from the tendon, the tendon is folded in half to create a double strand graft and a locking Krackow suture using No. 2 FiberWire (Arthrex Inc., Naples, FL) is placed in the folded end for a distance of 25 mm. The folded end of the graft is then sized to determine ulna tunnel diameter.
A relatively new cannulated screw driver system, with a unique Bio-Tenodesis Driver (Arthrex, Inc., Naples, FL) and one-half-millimeter incremental reamers, is recommended for ulna fixation. Interference screw fixation for ligament reconstruction had been considered in the past but abandoned because of insufficient fixation strength and technical limitations. This new system facilitates passage and tensioning of the soft tissue graft into the depth of the blind end of the ulna bone tunnel, but more importantly with regard to fixation strength, it provides a means to lock the graft to the screw after screw implantation. Ahmad et al 6 demonstrated that when the soft tissue graft used for elbow ligament reconstruction was locked to the interference screw with sutures, the load to failure strength was 90% of the native ligament. Conversely, the work by Armstrong et al 14 suggests that when unlocked, interference screw fixation for elbow ligament reconstruction was less than 30% as strong as the native ligament.
The Bio-Tenodesis System (Arthrex, Inc., Naples, FL) provides a wide range of metal and bio-absorbable screws, but 4.75-, 5.5-, and 6.0-mm diameter screws will be used most commonly in the DANE TJ method. Screw-graft-tunnel mismatch may either decrease fixation strength or cause graft tissue trauma, but in both cases the quality of the reconstruction will be adversely affected. In the elbow, the volume of graft tissue in the tunnel is small and makes mismatch a more difficult problem to avoid. An additional advantage of locking the graft to the screw is that the increased fixation strength may allow the surgeon to err on the side of slightly less compression at the screw-graft-tunnel interface to avoid graft trauma. As such, the tunnel diameter is typically the same as the measured diameter of the sutured, folded graft and the screw diameter is typically the same or slightly smaller than the tunnel diameter.
In some throwers, the sublime tubercle morphology is altered by fracture or enthesopathy (Figs. 3Y5) and resection of a portion of the tubercle may be required before guide pin placement. Additionally, the altered shape of the tubercle may mislead the surgeon regarding the optimal point for guide pin placement. Indeed, the enthesopathy exostosis seen in mature throwers is often isolated to the posterior band of the ligament and therefore suggests a more posterior center on the tubercle. Because the anterior bundle of the MUCL extends distally along the medial ulnar ridge, the central isometric point on the sublime tubercle may be determined by following this ridge back to the articular margin of the ulna.
Optimally, guide pin placement in the ulna will preserve a 2-to 3-mm interval between the articular margin and the ulna tunnel (Figs. 8 and 9) . A more narrow bone edge may result in fracture of the proximal rim of the tunnel. Prototype drill guides to facilitate accurate pin placement are currently being evaluated for this purpose. The guide pin should be directed toward a point just distal to the supinator crest on the lateral ulna (Figs. 10A and B ). This will position the tunnel in the widest segment of the proximal ulna and will provide an appropriate angle for the graft to exit the tunnel. Depending on the density of the bone, enlarging the tunnel opening by one-half millimeter may ease graft and screw placement.
Attention is then turned to the creation of the humeral tunnels. The origin of the MUCL on the medial epicondyle is identified and a single 4.5-mm tunnel is created at this location (Figs. 10A and B) . Remain aware that it is the deep central fibers of the ligament that the ligament reconstruction procedure is designed to recreate. A common error seen in this procedure is too shallow placement of the medial epicondyle tunnel. Not only does this adversely affect graft isometry, but it will result in a very thin roof of bone covering the graft that may fracture and avulse from the humerus under valgus stress. Furthermore, anterior placement of the tunnel will result in a ligament that is tight in extension and loose in flexion whereas posterior placement of the tunnel will produce a ligament that is loose in extension and tight in flexion.
Two 2.7-mm tunnels are then made from proximal to distal in the medial epicondyle connecting with the larger tunnel and preserving a 5-to 8-mm bone bridge between the 2 smaller tunnels. Finally, the distal medial epicondyle tunnel is enlarged to a diameter that will allow docking of the free ends of the graft.
An appropriately sized screw is positioned on the driver with the driver thumb pad fully retracted to the handle. The free ends of a looped No. 2 FiberWire (Arthrex, Inc., Naples, FL) are then passed through the cannulation of the driver and captured at the handle. Next, the graft sutures and the graft are passed through the suture loop. As the suture loop is withdrawn through the driver, the graft is positioned to allow the loop to capture the graft at the tip of the driver. Connecting the Techniques in Shoulder and Elbow Surgery graft to the tip of the driver makes it possible to fully deliver the graft into the depth of the bone tunnel while maintaining tension on the graft during screw implantation. Position the graft and driver to implant the screw and turn the driver handle while preventing rotation of the thumb pad (Figs. 11 and 12 ). This will advance the screw over the driver shaft without advancing the graft. The paired sutures, one woven into the graft and outside the screw and one looped over the graft and passed through the cannulation in the screw, are then tied, locking the graft to the interference screw and necessitating failure of both the screw and the suture for failure of the graft fixation.
The elbow is positioned to close the medial joint line and the free ends of the 2 bundle graft are measured for length. Optimally, the proximally docked ends of the graft should fill the medial epicondyle tunnel without loss of graft tension. After cutting the graft ends to length, a locking Krackow suture using No. 2 FiberWire (Arthrex Inc., Naples, FL) is placed in both free ends and the sutures are passed from distal to proximal through the medial epicondyle tunnels (Figs. 13 and 14) . The paired sutures in the graft ends may be passed together or divided with one limb in each proximal tunnel. This later option is done to tension one graft bundle in flexion and the second graft bundle near extension. However, when the tunnels are properly positioned, graft isometry should make deferential tensioning of the graft unnecessary. Prevent overtightening the graft by tying the sutures with the elbow in the flexion angle where the graft is at its greatest length. The remnant of the native ligament should be sutured beneath the graft before tying the graft sutures, ensuring that the graft remains an extra-articular structure.
The flexor muscle fascia is closed, the tourniquet is released, and hemostasis is confirmed. The subcutaneous tissues are closed and the skin is closed with a running subcuticular No. 4-O PDS suture. A fiberglass sugar tong splint is applied and the arm is placed into an Ultrasling shoulder arm immobilizer (DJ Orthopedics, Carlsbad, CA).
m RESULTS
There is as yet no published study describing the results of the DANE TJ MUCL reconstruction method. In a limited series, we performed this procedure on 7 pitchers and followed them to more than 2 years follow-up. All 7 were able to return to their previous level of sport participation. One pitcher reported moderate persistent discomfort but was able to play without limitation. Another pitcher, who returned to play and was subsequently drafted in the MLB June draft, sustained a second injury while throwing. A contrast MRI documented a tear just proximal to the ulna tunnel. On most recent follow up, 6 of 7 (85%) were considered to have an excellent result.
m COMPLICATIONS
Graft trauma occurred in 1 of 7 patients during our initial clinical application of the DANE TJ method. The ulna tunnel was undersized for a large gracilis tendon graft and partial tearing of one bundle of the graft occurred during screw insertion. The postoperative rehabilitation was not modified and the player returned to pitching at the same level without pain or limitation.
m POSTOPERATIVE MANAGEMENT
The elbow is immobilized in the sugar tong splint at 90 degrees for 10 days with the wrist free and the shoulderarm immobilizer is worn for 3 weeks. At 10 days following surgery, the splint is removed and the athlete is allowed to begin gentle active range of motion. No attempt is made to obtain full extension until after 4 weeks following surgery. Light forearm muscle strengthening exercises are begun when the arm is removed from the splint. Shoulder and elbow exercises are begun as soon as possible, but valgus stress on the elbow is avoided until 2 months following surgery.
At 4 months, the athlete is allowed to begin an interval-throwing program progressing from 45 ft up to 180 ft. Pitchers are not asked to throw past 120 ft and infielders are not asked to throw past 150 ft. The player will progress from one distance level to the next when the following criteria are met. There is no pain or stiffness while throwing; there is no significant pain or stiffness after throwing; strength is good throughout the final set with little fatigue; the throwing motion is effortless and fundamentally sound; accuracy is consistent; and throws are on line.
For pitchers, the mound program begins at the completion of the 120-ft level. The catcher is initially moved forward, but throwing with a pitching motion is reserved for the mound. No flat ground pitching is allowed. Return to competition is permitted when the following conditions are met. Trunk, scapula, shoulder, and arm muscle strength and balance have returned to normal; there is no pain while throwing; and throwing balance, rhythm, and coordination have been reestablished. On average, this will require 10Y12 months following surgery. 1,3Y5,11 FIGURE 13. Photograph of a gracilis tendon graft secured in the ulna with a bio-absorbable interference screw and ''docked'' in the medial epicondyle. Paired sutures exiting the 2 proximal tunnels in the medial epicondyle will be tied over a bone bridge completing the reconstruction. 
m POSSIBLE CONCERNS, FUTURE OF THE TECHNIQUE
Medial ulnar collateral ligament reconstruction has been successfully performed using several modifications of the original Tommy John reconstruction method. The DANE TJ method offers one more option to the surgeon and may be most valuable when the integrity of the sublime tubercle has been compromised. However, there remain reasonable concerns regarding this new method. First, while done with clearly different methods than those described by Ahmad et al, 6 there are 2 recent studies 14, 15 that fail to reproduce the findings of Ahmad et al. Second, a system to reliably match graft volume, screw diameter, and tunnel diameter has yet to be presented. Third, graft trauma from screw-graft-tunnel mismatch is possible. Forth, distal fixation failure involving proximal ulna fracture occurred in biomechanical load to failure testing, 6 and loss of proximal ulna structural integrity would present a very challenging revision surgery setting. Finally, while there are many clinical trials in progress and early reports are encouraging, it remains an important point that there are no published, peer reviewed, clinical studies that support this method for reconstruction of the anterior bundle of the MUCL complex.
